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Computational Details
The structural prediction approach is based on a global minimization of free energy surfaces merging ab initio total-energy calculations through CALYPSO (Crystal structure AnaLYsis by Particle Swarm Optimization) methodology as implemented in its same-name CALYPSO code. [1] [2] Our structure search for IF n (n >1) compounds is performed with the formula units (f.u.) up to 4 at 100, 200, and 300 GPa, respectively.
In the first generation, a population of structures with certain symmetry are constructed randomly. Local optimizations of the generating structures are done with the conjugate gradients method through the VASP code, with an economy set of input parameters and an enthalpy convergence of 1 × 10 -5 eV per cell. [3] [4] Step in the second generation, 60% of them with lower enthalpies are selected to produce the next generation structures by PSO, and 40% of the structures in the new generation are randomly generated. A structure fingerprinting technique of bond characterization matrix is applied to the generated structures, so that identical structures are strictly forbidden. These procedures significantly enhance the diversity of the structures, which is crucial for the efficiency of the global search of structures. For most of the cases, the structure searching simulation for each calculation was stopped after we generated 1000 ~ 1200 structures (e.g., about 20 ~ 30 generations).
Higher precision of structure optimization by VASP was adopted for a number of structures with low enthalpies. The cut-off energy for the expansion of wavefunctions into plane waves is set to 950 eV in all calculations, and the Monkhorst-Pack k-mesh with a maximum spacing is 0.032, which gives total energy well converged within ~ 1 meV/atom. The electron-ion interaction was described by means of projector augmented wave with 5s 2 5p 5 and 2s 2 2p 5 electrons as valence for I and F atoms, respectively. Afterwards, the structures with lowest enthalpies were used to investigate the energetic stabilities for IF x (x = 1/3, 1/2, 2/3, and 1 -12) compounds by the following Why is Pn n-structured IF 8 higher in energy compared with R -structured IF 8 ?
A comparison of Pn n-structured IF 8 with R -structured IF 8 is shown in Figure S4 .
Partitioning of the total energy clearly reveals that the lower energy of the R -phase is (PDOS) of I 5d-levels in Pn n-structured IF 8 at 300 GPa. Supplementary Tables   Table S1 . Decomposition reaction paths and decomposition enthalpies of I-F compounds are assumed as follows. The positive reaction enthalpies indicate these considered phases are metastable. 
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